praedonia and T. japonica) with frequent interferences at a valley, and argued the coexistence in connection with their prey capturing (Y0sHIDA, 1977a, b) .
At the Horonai River, though a few individuals of Meta sp. were found, three species of Tetragnatha made their webs above stream at high density.
In this paper, I intend to clarify some ecological differences among these species
and to consider what role the differences play on the coexistence.
Study Area, Materials and Methods
The study was done from 23 July to 3 August in 1978 at the Horonai River which flows through Tomakomai Experimental Forest of Hokkaido University, Hokkaido, Japan ( Fig. 1 ).
There are many low hills in the study area. Among them, the Horonai River, 1-4 m in width, flows out of the forest at the point about 6 km from Ten stations were placed along the river from upstream to downstream ( Fig.   1 ). Six stations (St. 1-6) are in the forest region, the other four stations (St.
7-10) in the town region. The landscapes of both regions are very different from each other. In the forest region, there are many tall trees and many shrubs. Ferns and grasses grow thick. However, the densities of the plants grow lower from upstream to downstream. For example, ferns and grasses cover the water surface here and there at the most upstream stations (St. 1-2), but, they do not cover the water surface so much at more downstream stations.
In the town region, there are few tall trees, and shrubs (1-2 m in height) growing sparsely.
Grasses (lower than 1 m) grow thick on the banks and in the river. The width of the river is 1-3 m in the forest region, 2-4 m in the town region.
There are four species which make their horizontal orb webs above the stream. They are Meta sp., Tetragnatha praedonia, T. japonica and T. pinicola.
As Meta sp. is very rare, so the study was done on three species of Tetragnatha. The following items were investigated for each species ; ecological distribution along the river, web height (distance from hub to the water surface), scaffolds, daily activity pattern and body length. Table 1 shows where these items were investigated. Ecological distribution was investigated at all stations.
The other items were investigated at one to five stations, as shown in Table 1 . Table 1 , Investigation plan. * shows that the item was investigated at the station.
The investigation was done mainly for several hours around sunset, when these species are active.
Results
Ecological distribution along the river is shown in Table 2 . T. praedonia is distributed mainly at the forest region. T. japonica is distributed at almost all stations except for the most downstream station, St. 10. The two species coexist at the seven upstream stations (St. 1-7), but, the distributions differ from each other at the following points; 1) T. praedonia is not distributed in the town region except for St. 7, the nearest station to the forest region. T. japonica is distributed in the town region except for St. 10, the most downstream station. 2) T. japonica is rare at the most upstream station, St. 1, though this species is more abundant than T.
praedonia at other stations as far as in the forest region. So, T, praedonia is judged to be distributed more upstream than T. japonica.
On the other hand, T. pinicola is distributed mainly in the town region.
Web height of each species was measured not only at the three upstream stations (St. 1-3) where T. praedonia and T. japonica coexist, but also at the two downstream stations (St. 8-9) where T. japonica and T. pinicola coexist (Figs. 2 and 3 ). Although T. praedonia and T, japonica coexist at St. 1-3, the ratio in the hand, the average web height of T. praedonia is the largest at St. 3 and the smallest at St. 1. It corresponds with the difference on the ratio between the individual numbers of both species, that is, the more T. japonica inhabits there, the higher T. praedonia seems to make its web. However, both species make The ratio of T. pinicola to T. japonica is 1.7:1 at St. 8, and 10: 1 at St.
9. Both species weave fairly lower than in the forest region, because there are few scaffolds above 1 m. At St. 8, there is no significant difference between the average web heights of both species. However, though several individuals of T. pinicola make their webs just above the water surface, T. japonica does not make its web there at all. At St. 9, T. pinicola makes its web at similar height as at St. 8 in average, but, there is no webs just above the water surface.
On the other hand, T. japonica makes its web higher than at St. 8. However, it is not certain because of the small sample size. no the individuals positioning at the hub and empty webs were easy to be found, because of the large webs. Some empty webs were wet with dew, so the preycatching ability is thought to have decreased largely. The owners might have abandon the webs. However, some empty webs were not wet, so the reason why the owners abandon them is not clear.
At St. 3, where T. praedonia and T. japonica coexist, the individual number of the latter was small in daytime, increased rapidly in evening, reached the peak at 7-9 p. m., then decreased to the next morning. This seems that the spiders with no webs were abundant during daytime, though they were found only in small number. The increase of the individual number in evening is mainly due to that of the spiders at hub. On the other hand, there were some empty webs without the owners in most cases.
At St. 8, where T. japonica and T. pinicola coexist, both species seem to show similar pattern of daily activity.
That is, the number of spiders reached the peak at 7-8 p. m., and the number of empty webs grew smallest at that time. Fig. 6 shows the diurnal change in the number of prey insects captured and remained in the webs. Concerning to T. praedonia, it grew larger gradually and reached the peak at about 8 p. m., then it decreased, and again it grew large on next morning. The trend was observed in both large and small prey (>_5 mm & <5 mm). On the other hand, concerning to T. japonica, the number of prey insects grew large rapidly and reached the peak at about 6 p. m., about half an hour before sunset, then decreased rapidly. It grew large also on the next morning. Fig. 7 shows the body length distribution of each species. Concerning to T. praedonia and T. japonica, there is no spiderlings, but almost all individuals belong to adults or subadults. On the contrary, concerning to T. pinicola, there are individuals of various sizes from spiderling to adult. As result, the average body length of T. pinicola is the smallest of them. And T. japonica is larger than T. praedonia in average, however, there is no significant difference in the body length among the species. T, praedonia,
Discussion
The habitat preference of Tetragnatha have been reported by many authors (BRISTOwE, 1958 ; COMSTOCK, 1975; CLYNE, 1969; KASTON, 1978; EMERTON, 1961; GERTSCH, 1979; NAKAHIRA et al., 1976; YOSHIDA, 1977a : HONDA, 1969 , 1973 , 1974 : OKUMA, 1978 AOYAGI et al., 1968; TERADA, 1977; TERADA et al., 1978; KAIHOTSU, 1973 KAIHOTSU, , 1979 .
According to these studies, most species of the genus prefer damp habitats.
For example, COMSTOCK (1975) stated that "They are common on plants and toher objects in the vicinity of water and some of them occur on grass in drier places". The habitats of T. praedonia were reported as follows; near river and pond (YOSHIDA, 1977a; YAGINUNA 1965; KAYASHIMA, 1966) , in paddy field (KAIHOTsu, 1973; YAMANO & KIDO, 1975; OKUMA, 1978; HAMAMURA, 1969) , in grassland and orchard (KAIHOTSU, 1979; TERADA et al., 1978; SUZUKI & OKUMA. 1975) , in forest (HONDA, 1969 (HONDA, , 1975 , in garden (HONDA, 1974) . These studies also show that the habitat preference of T. japonica is quite alike that of T. praedonia.
Many authors stated that the two species inhabit in same habitats. Thus, both species are known to inhabit in various habitats, but, the densities near water are very high, as stated in results. Concerning to T. pinicola, there is no Japanese studies on the habitat preference. BRISTOwE (1958) stated that "Tetragnatha pinicola and T. obtusa have less affinity for water and usually spin their webs in trees or bushes." However, as stated in the results, T. pinicola inhabited at the Horonai River with high density. The high density near water may partly due to the prey abundance there.
BRISTOWE (1958') stated that "Tetragnatha depends for food chiefly on lightbodied nematocerous or gnat-like flies which abound near water and the webs are usually spun in the evening before it is dark when these are getting active."
Well, as stated in results, the distributions of the three species overlap largely from one another, so there must be some mechanism to allow the coexistence.
The differences in the web height among spiders have been reported by several authors (HONDA, 1969 (HONDA, , 1973 LUCZAK, 1963; ENDO, 1976; ENDERS, 1974; UETZ et al., 1978; AOYAGI et al., 1968) . ENDERS (1974) That is, T. praedonia weaves higher where T. japonica is dominant than where T. praedonia is dominant. Similarly, though T. pinicola does not weave just above the water surface where T. japonica does not inhabit, many individuals of the former weave just above water surface where the two species coexist.
Furthermore, though the frequency was not measured, I observed several interferences among the three species. In Kyoto also, I observed the frequent interspecific interferences between T. japonica and T. praedonia (YOSHIDA, unpublished) . Larger individuals are generally dominant to smaller ones, when interferences occur (YOSHIDA, 1977a; ENDERS, 1974) . So, judging from the body length, T. praedonia and T. japonica seem to be dominant to T. pinicola as a whole, though the ranges of the body length overlapped largely.
So, the web height selection may be one factor which allows the coexistence. However, to ascertain it, the following points must be investigated. The difference of web height between T. praedonia and T. japonica seems to be related to that of scaff holds. In Kyoto also, the former uses mainly the dead stems and twigs of shrubs or trees and the latter uses mainly grasses or leaves, in spring and early summer. As grasses are generalley lower than shrubs and trees, as a result of scaffhold selection, T. praedonia will weave at higher site than T. japonica.
There are two types of web-making spiders as to the daily activity pattern.
One makes its durable web and hunts all day. For exampel, Argiope and Nephila species belong to this type. Another makes its fragile web. Most species of the type limit their activity during some period of day, as Tetragnatha. So, these species can coexist in same habitat if their daily activity differ from each other. However, the three species of Tetragnatha studied here are nocternal and the active periods overlap largely. So, there is slight difference in the daily activity pattern, but, it may be unimportant as the factor of coexistence.
Perhaps the daily activity pattern may be determined by other conditions.
CLOUDLEY-THOMPSON (1957) related the nocturnality to the protection of the water loss from the body surface. He compared the more nocturnal species (Ciniflo f erox) with the more diurnal species (C. similis), and ascertained that the physical characters of the two species were identical, but, the former lost water more quickly through than the booklungs than the latter. Also WILLIAMS (1962) stated that "Even better material for studying the relation between the physiology and the ecological requirements of a group of spiders would seem to be provided by the Tetragnathidae.
Pachygnatha clercki is more restricted to damp environments and is more nocternal than P. degeeri."
On the other hand, BUSKIRK (1975) seems to think that the daily activity of diurnal colonial spider, Metabus gravidus, is related to that of prey insects as far as the adults. He stated that "Adults tend to spin new webs at early morning and dusk" and "The orb building and orb renewal of adult spiders is timed with and slightly anticipated the period peak insect activity over the river." However, in the cases of T. japonica, the peak of the prey captured and remained in a web was earlier than that of web owners. On the other hand, 
